The binary cubic Laves phases EuPt 2 , GdPt 2 , and TmNi 2 form extended solid solutions Eu 1−x Pt 2 In x , Gd 1−x Pt 2 In x , and Tm 1−x Ni 2 In x . Samples within these homogeneity ranges have been prepared from the elements by arc-melting on water-cooled copper chills or by induction melting in sealed tantalum tubes and subsequent annealing. The indides were characterized by X-ray powder and single crystal diffraction: MgCu 2 type, Fd3m, a = 770.68 (6) 
Introduction
Among the binary intermetallic compounds, the Laves phases AB 2 [1] play an important role. So far more than 1600 intermetallics crystallize with the structure types MgCu 2 , MgNi 2 , and MgZn 2 [2] . Especially those Laves phases with a rare earth or actinoid metal on the A site have attracted considerable interest because of their interesting magnetic and electrical properties. As an example we present the EuPt 2 structure [3] in Fig. 1 . The platinum atoms build up a threedimensional network of corner-sharing tetrahedra. The larger voids of this network are filled by the europium atoms. The latter have coordination number 16 in the form of a Friauf polyhedron.
This magnetic substructure can be diluted, since it is possible to substitute every other rare earth atom in an ordered manner. This is actually the MgCu 4 Sn ≡ (Mg 0.5 Sn 0.5 )Cu 2 structure [4, 5] . The ordering results in a symmetry reduction via a translationengleiche transition of index 2 (t2) from Fd3m to F43m. This translationengleiche symmetry reduction only changes the subcell intensities and twinning by inversion might 0932-0776 / 05 / 0400-0393 $ 06.00 c 2005 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com occur. Thus, only precise single crystal X-ray data reveal the degree of ordering.
Several Laves phases with platinum as B element component have large homogeneity ranges. The change in composition has a distinct influence on the physical properties [3, 6 -9 Table 1 . The gadolinium and thulium based samples were arc-melted [16] under an argon pressure of ca. 600 mbar. The argon was purified over titanium sponge (900 K), silica gel, and molecular sieves. The product buttons were re-melted three times in order to ensure homogeneity.
The total weight losses after the arc-melting procedures were always smaller than 0.5 weight-%. The gadolinium sample was not well crystallized. In order to get better crystals for X-ray investigations the sample was placed in a sealed tantalum tube, which was subsequently enclosed in an evacuated silica ampoule. In a box furnace the sample was first heated for 4 h at 1270 K, followed by slow cooling to 770 K at a rate of 3 K/h. Finally the sample was rapidly cooled to room temperature. The Tm 1−x Ni 2 In x samples were homogenized by annealing in evacuated quartz ampoules at 870 K during one month in a box furnace. After the annealing procedure the samples were quenched in cold water.
The europium based samples were prepared by highfrequency melting [17] of the elements in a sealed tantalum ampoule. This prevents europium loss which would occur during an arc-melting procedure because of the low boiling temperature of europium (1870 K). The sample was first heated up to about 1300 K and then slowly cooled to room temperature within two hours. The sample could easily be separated from the tantalum tube after the melting procedure.
All samples were obtained in amounts of about 1 g. Compact pieces are light grey with metallic luster. The samples are stable in moist air. No decomposition was observed after several weeks.
X-ray data and structure refinement
The annealed samples were characterized through Guinier powder patterns. The Guinier camera was operated with Cu-K α1 radiation and an image plate system (Fujifilm-BAS1800). α-Quartz (a = 491.30, c = 540.46 pm) was used as an internal standard. The cubic lattice parameters (Table 1) were obtained from least-squares fits of the Guinier data. The correct indexing was ensured through intensity calculations [18] , using the atomic parameters obtained from the structure refinements. Some samples were additionally investigated on a Stoe Stadi P powder diffractometer with Cu-K α1 radiation and silicon (a = 543.07 pm) as an external standard.
Small irregularly shaped crystals were selected from the different samples. They were glued to quartz fibres using bees wax and first examined on a Buerger precession camera (equipped with an image plate and white Mo radiation) in order to establish the suitability for intensity data collection. Single crystal intensity data of Eu 0.94(3) Pt 2 In 0.06(3) , Eu 0.85(2) Pt 2 In 0.15 (2) , and TmNi 4 In were collected at room temperature by use of a four-circle diffractometer (CAD4) with graphite monochromatized Mo-K α radiation and a scintillation counter with pulse-height discrimination. The scans were taken in the ω/2θ mode and empirical absorption corrections were applied on the basis of Ψ -scan data. The Gd 0.79(5) Pt 2 In 0.21(5) data set was collected on a STOE IPDS-II diffractometer with monochromated Mo-K α radiation in oscillation mode. The absorption correction was numerical. All crystallographic data and details for the data collections are listed in Table 2 .
The four structures were first refined in the centrosymmetric space group Fd3m assuming RE/In mixing on the 8a site with anisotropic displacement parameters for all atoms using SHELXL-97 (full-matrix least-squares on F 2 ) [19] . These refinements led to the compositions Eu 0.94(3) Pt 2 In 0.06(3) , Eu 0.85(2) Pt 2 In 0.15 (2) , Gd 0.79(5) Pt 2 In 0.21 (5) , and Tm 0.5 Ni 2 In 0.5 . The latter composition was indicative of Tm/In ordering. We then refined the structure again in space group F43m. Separate refinement of the thulium and indium occupancy parameters confirmed the ordering. Both sites were fully occupied within one standard deviation. Refinement of the Flack parameter [20, 21] indicated twinning by inversion. In the final cycles the batch scale factor (Table 2 ) was refined as a least-squares variable. Final difference Fourier synthesis revealed no significant residual peaks for all four data sets. The atomic parameters and the interatomic distances are listed in Tables 3 and 4 The crystals investigated on the diffractometers were analyzed in a scanning electron microscope (LEICA 420i) through energy dispersive analyses of X-rays. EuF 3 , GdF 3 , TmF 3 , nickel and platinum metal, and InAs were used as standards. No impurity elements heavier than sodium were observed. The experimentally determined compositions were close to those determined from the structure refinements. Especially the small indium content in Eu 0.94 Pt 2 In 0.06 was clearly detected via EDX.
Results and Discussion
The solid solutions Eu 1−x Pt 2 In x , Gd 1−x Pt 2 In x , and Tm 1−x Ni 2 In x were investigated on the basis of X-ray powder and single crystal data. In Fig. 2 we present a plot of the unit cell parameters as a function of the compositions. The a parameters decrease with increasing indium content. This is due to the substitution of the large rare earth metal atoms (metallic radii of 204, 180, and 175 pm for Eu, Gd, and Tm, respectively) by the smaller indium atoms (163 pm) [22] .
The substitution of Eu or Gd by In on the 8a site was evident from three single crystals of the solid solutions Eu 1−x Pt 2 In x and Gd 1−x Pt 2 In x . The indium substitution on the rare earth positions is 6 and 15% for the europium and 21% for the gadolinium compound. Table 1 ).
ternary TmNi 4 In. The a lattice parameter decreases nearly linearly all the way to TmNi 4 In (Fig. 2) . The lattice parameters of the sample with the starting composition Tm 0.6 Ni 2 In 0.4 does not perfectly fit the smooth curve. This is obviously due to a small deviation in the sample composition. The structure of the TmNi 4 In single crystal was refined in space group F43m (MgCu 4 Sn type structure) and no Tm/In mixing was observed.
Due to the symmetry reduction, the nickel sites in TmNi 4 In gain a free structural parameter. Consequently the tetrahedra become slightly distorted with Ni-Ni distances of 246 and 249 pm. The latter com-pare well with the average Ni-Ni distance of 249 pm in fcc nickel [23] .
Both europium containing crystals have been selected from the same sample with the starting composition 0. [25] , the inhomogeneities resulted in shoulders for some reflections. As an example we have therefore carefully investigated the 0.75 Gd : 2 Pt : 0.25 In sample with longer counting times on the powder diffractometer. We could only observe small line broadening. The lattice parameters of the different cubic phases RE 1−x Pt 2 In x in our samples are too close.
